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Electromagnetic Rad.at.on Em.tt.nc Sem.cond.ctor Ch.p and Procedure eor its 

Production 

FIELD OF THE INVENTION 

[0001] The invention relates to a semiconductor chip which emits electromagnetic radiation, 
having an epitaxially produced semiconductor layer stack based on nitride semiconductor 
material, which includes an n-conducting semiconductor layer, a p-conducting semiconductor 
layer and an electromagnetic radiation generating region which is arranged between these two 
semiconductor layers, a base on which the semiconductor layer stack is arranged, and a mirror 
layer, which is arranged between the semiconductor layer stack and the base, and a method for 
fabricating a plurality of these semiconductor chips which emit electromagnetic radiation. 
BACKGROUND OF THE INVENTION 

[0002] The term semiconductor layer stack based on nitride III-V compound semiconductor 
material is intended to encompass all semiconductor layer stacks whose main properties are 
determined by a nitride III-V compound semiconductor material. Nitride III-V compound 
semiconductor materials are all semiconductor materials which have nitrogen at the V lattice site, 
in particular GaN, InGaN, AlGaN and InGaAln. The semiconductor layer stack may, for 
example, have a conventional pn junction, a double heterostructure, a single quantum well 
structure (SQW structure) or a multiple quantum well structure (MQW structure). Structures of 
this type are known to the person skilled in the art and are therefore not explained in more detail 
at this point. 
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iOOOS, Semiconductor chips of the type described above convert electrical energy into 
is generated in the electromagnetic radiation generating region. 

l 0004 lto ,becaseo fW ba, i s ta owna S a,hin-f,.mL ED chip(LED = ,ig h temiUingdiodc), which 
generally comprises a radiation-generating semiconductor layer stack arranged on a base, the 

after the semiconductor layers have, for example, been rebounded onto a base. 

tUsc ase,areflec,or is formed on a surface of a semiconductor layer stack which tslocatedon 
ft.e.aeoftheaemiconducor.ayeraucropposite.o the surface ftom which Ugh, emerges out of 
.ftesem.conductor.ayerstaca.Tbereflector.sformedbyad.cleotrtcm.rrororbyarcftecftve 

m e,amccon.ac, surface, whtch at the same time is a,so used for estabhshing the electnea, 

oft he S emico„duc,orbody is roughened ,n order to prevent total reflection a, the outcouphng 
^ebe—esemiconductor ^y and ftte en— and to fttereby increase me bgb, 

yield of the semiconductor chip. 
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[0006) A drawback of this type of semiconductor chip is that the roughening of the outcoupling 
surface requires at leas, one additional method step, entailing additional time expenditure and 
therefore additional costs. Furthermore, the light yield of these semiconductor chips is still well 
short of the theoretical maximum. 

[0007] Hitherto, the prior art has not disclosed any measures for improving the light yield of 
semiconductor chips of the type described above which are directed at the p-conducting 
semiconductor layer. A particular problem of p-conducting nitride ffl-V compound 
semiconductor layers is their sensitivity to chemical or mechanical treatment. Contacts with low 
contact resistances can only be produced with difficulty on surfaces which have been treated in 
this way. Therefore, surface patterning of the p-conducting semiconductor layer by etching or 
mechanical roughening is not advantageous. 

[0008] Therefore, as an alternative the n-conducting semiconductor layer is generally textured by 
means of WE (reactive ion etching). However, this method requires the n-conducting 
semiconductor layer to be detached from the growth substrate wafer. The side from which the 
growth substrate wafer has been removed must also Erst of all be planarized, so that the mask 
layere which are required for patterning can be applied. Further process steps are required in 
order to pattern the surface in a suitable etching installation and then to remove the mask layer. 
SUMMARY OF THE INVENTION 

[0009] An object of the invention is to provide a semiconductor chip of the type described above 
with an increased light yield and without great technical effort. 
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[0010] A further object of the present invention is to develop a method for fabricating 
semiconductor chips of this type. 

[001 1] This and other objects are attained in accordance with one aspect of the invention 
directed to a semiconductor chip which emits electromagnetic radiation, having an epitaxially 
produced semiconductor layer stack based on nitride semiconductor material, which includes an 
n-conductmg semiconductor .ayer, a p-conducting semiconductor layer and an electromagnetic 
radiation generating region which is arranged between these .wo semiconductor layers, a base, 
on which the semiconductor layer stack is arranged, and a mirror layer, which is arranged 
between the semiconductor layer slack and the base and reflects electromagnetic radiation 
emitted by the semiconductor layer suck in the direction of the base. The mirror layer has a 
plurality of planar reflection sub-surfaces, which are positioned obliquely with respect to a main 
plane of the radiation-generating region and each form an angle of between 10° and 50° with this 
plane. 

[0012] Another aspect of the invention is directed to a semiconductor chip which emits 
electromagnetic radiation, having an epitaxially produced semiconductor layer stack based on 
nitride semiconductor material, which includes an n-conducting semiconductor layer, a p- 
conducting semiconductor layer and an electromagnetic radiation generating region which is 
arranged between these two semiconductor layers, a base, on which the semiconductor layer 
stack is arranged, and a mirror layer, which is arranged between the semiconductor layer stack 
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and the base. The n-co„dueti„g semiconductor layer faees away from the base, and the n- 
conducting semiconductor layer or an outcoupling layer located on the n-conducting 
semiconductor layer has a radiation-outcoup.ing surface which in hrrn includes a plurality of 
planar outcoupling sub-surfaces which are positioned obliquely with respect to a main p.ane of 
me radiation-generating region and each form an angle of between ,5° and 70" with this plane. 

[0013] A further aspect of the invention is directed .o a method for fabricating a plurality of 
semtconductor chips which emit electromagnetic radiation. A growth substrate wafer is 
provided. A semiconductor layer sequence is epitaxial.y grown on the growth substrate wafer, 
which includes a p-conducting semiconductor ,ayer, an n-eo„duc,ing semiconductor layer and an 
electromagnetic radiation generating region which is arranged between these two semiconductor 
Uyers. The n-conduc.ing semiconductor layer is first of all grown on the growth substrate wafer, 
and a plurality of planar sub-surfaces, which are positioned obliquely with respect to a main 
p,ane of the radiation-generating region and each fomr an angle of between .0" and 50° with finis 
p,ane, are formed on the p-conducting semiconductor layer surface. A mirror ,ayer is applied to 
the p-conduc,ing semiconductor layer. A base is applied on or to the mirror layer, and at leas, 
pari of the growth substrate wafer is removed from the semiconductor layer stack. A contact 
!ayer is applied to the n-conducting semiconductor layer, and the wafer produced as just- 
described is separated into individual semiconductor chips. 



[00141 Yet another aspect of.be invention is directed to a method for fabricating a plurality of 



semiconductor cl 



hips which emit electromagnetic radiation. A growth substrate wafer is 
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provided. A semiconductor layer seance is epi,axia, ly grown on the growth substrate wafer, 

,ayer, The n-conducting semiconductor layer is firs, of aH grown on the g.owth suhstrate wafer, 
and a mirror layer is applied to the surface of the p-conducting semiconductor layer. A hase ts 

.he semiconductor layer stack. The exposed n-conducting semiconductor layer or the remammg 
par. of me growth substrate wafer is elched or mechanically paltetned so that a plurality of planar 
sub-surfaces, which are positioned obliquely with respec, to a main p.ane of the radiation- 
g e„era,i„g region and each form an angle of between .5° and 70° with mis plane, are formed on 
fce .conducting semiconductor layer surface or on the growth suhstrate wafer surface. A 
contact .ayer is applied to the n-conducting semiconductor .ayer. Then the just-described wafer 
is separated into individual semiconductor chips. 

[0015] According to an embodiment of the invention, a semiconductor chip with an epitaxially 
produced semiconductor layer stack, in particular based on GaN, has a mirror layer which is 
applied to the entire surface of a textured p-conduc,ing semiconductor layer. The textured p- 
conducting semiconductor layer in turn features a plurahty of p.arrar sub-surfaces which are 
positioned obliquely with respec, to a main plane of a radiation-generating region and each tarn 
an ang.e of between 10° and 50° win, this plane. As a result, me adjacen, sub-surfaces form 
.hree-dimcnsional pyramid-like structures. Therefore, a reflection surface provided whh 
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pyramid-Uke structures is formed between the p-conducting semiconductor .aye, and .he mirror 
layer. 

,0016, Epitaxial techno.ogy as i. currently stands a,,ows the deposition of relatively thick n- 
conducting layers ba,ed on GaN. By contrast, the epitaxy used for p-eondueting semiconductor 

.ayers. As the thickness increases, these P -conduc,ing semiconductor .aye* undergo three- 
aimensiona, growth. This three-dimensional growth can he exploded in conjunction with a 
mirror layer, without great technica! effort, to produce the mirror layers described above. 

[00171 Since the p-conduc,ing semiconductor layer can advantageously be textured during the 
epitaxy, there is no need in particular for any additional process steps or any additional 
eq „,pment to effect mis texturing. Under deposition conditions aimed a. this purpose, the 
pyramid-tike structures can be formed during deposition on the surface of ,he p-condncting 
semiconductor layer. This is particularly important in the GaN-hased semiconductor materia, 
system, since the p-conducting semiconductor layer is very sensitive to processing using 
plasmas, gases, chemicals or mechanical surface treatment, such as grinding. After a treatment of 
.his nature has been carried out on the p-conducting semiconductor layer, ,, is no longer possible, 
or is only possible with great difficulty, ,o deposit p-contact layers with a low contact resistance. 
Processes such as plasma etching have a htghly adverse effect on the Cectrica, properties of the 
p-conducting semiconductor layer, on account of the fact that the contact resistance is 
considerably increased. 
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[0018] In a preferred embodiment, the GaN-based semiconductor layers consist of GaN, A1N, 
InN, AlGaN, InGaN, InAIN or AlInGaN. These materials allow the generation of radiation in a 
wide range of the visible region through to the UV spectral region. 

[001 9] In a further preferred embodiment, the mirror layer comprises at least a highly reflective 
layer, a protective layer and/or a joining layer. This mirror layer may advantageously 
simultaneously form the electrical contact for the p-conducting semiconductor layer. 

[0020] Furthermore, it is preferably intended to form a radiation-emitting semiconductor chip of 
the type described in the introduction, in particular based on GaN, which has a radiation 
outcoupling surface provided with three-dimensional pyramid-like structures. These pyramid- 
like structures increase the probability of a beam being decoupled after one total reflection at an 
opposite sub-surface of the pyramid-like structure. Depending on the angle of the sub-surfaces of 
the pyramid-like structure, it is possible for a beam which has already been totally reflected once 
to impinge on another sub-surface and then be decoupled. This makes it possible to increase the 
probability of light being decoupled and therefore the light yield. 

[0021] In another preferred embodiment, there is an outcoupling layer on the n-conducting 
semiconductor layer. An outcoupling layer of this type is preferably patterned for the purpose of 
making electrical contact and is used to improve the outcoupling of light at the radiation 
outcoupling surface. This can be achieved by reducing the refractive index gradient at the 
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interface between the semiconductor body and the outcoupling layer as weli as the refractive 
index gradient between the ontconpling layer and the environment. Furthermore, this 
outcoupling layer can he provided with three-dimensional pyramid-like structures on the surface, 
in order, as has already been explatned above, ,o reduce the probability of total reflection. 

[0022) In a further preferred embodiment, the semiconductor layer stack is patterned with a 
phrrality of trenches, so that individual semiconductor layer elements are defined. The trenches 
penetrate a. leas, as far down as the radiation-generating region of fire semiconductor .ayer stack 
and allow additional outcoupling of light through the side surfaces of the trenches. These 
semiconductor layer elements are preferably in the shape of a cire.e or a hexagon when seen in 
p,an view. These addhiona. lateral outcoupling surfaces can increase fire efficiency to over 80%. 

[0023] In fire fabrication method, a semiconductor layer stack is firs, of al, deposited epuaxiauy 
„„ a growfir substta,e wafer, wittr an n-conducfing semiconductor layer being grown on fire 
ff ow,h subs,ra,e wafer firs,, and a plurality of pyramid-like structures being formed on the p- 
conducfing semiconductor ,ayer surface during the epitaxy. In the nex, stop, fids .exttrred p- 
conducting semiconductor ,ayer surface is provtded, preferably coatod or overiaid over fire enfire 
surface, wifit a mirror layer. * a former step, the growfit substtato wafer is a, leas, partly 
removed from ,he semiconductor layer stack. Subsequently, the semiconductor layers are 
electrically contacted and the assembly is ,hen separated into individual chips. 
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(0024, in an advantageous embodiment, the remaining growth substrate wafer which is present 
ond.n.conducungsemtconduc^ 

are fomred on the substrate surfaee. This textured surface then serves as the radtarion- 
outcoupling surface. 

[00251 in a further advantageous embodiment, the growth substrate wafer is comp.e.ely removed 
from the semiconductor layer stack, and the .conducting semiconductor .aver surface is 
patterned in such a way that pyramid-like structures are formed. This textured, n-conduc«,n g 
surface then serves as the radiation outcoupling surface. 

[00261 in a particularly preferred embodtment, before electnca, contact is made, trenches are 
formed in the semiconductor .ayer stack, extending at .east through the n-conducting 
semiconductor .ayer and the electnamagnetic radiation generattng region and thereby deftmng 
individual semiconductor layer elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] Further features, advantages and expedient conftgmations will emerge from the four 
exemplaey embodiments relating to the device and four exemplary embodiments relating to the 
m e<hod which are explain* below in conjunction with Figures I to 8. In the drawings: 

[00281 Figures la and lb each show a diagmmmatic sectiona, view of a first exemplary 
embodiment of a semiconductor chip according to the invention, 
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(00291 Figures 2a and 2b each show diagrammatic p.an views of a surface which is provided 
with pyramid-like structures in accordance with the invention, 

[OOSOlFigure 3 shows a diagrammatic sectiona, view of a second exemplary embodiment of a 
semiconductor chip according to the invention, 

[0031] Figure 4 shows a diagrammatic sectional view of a third exemplary embodiment of a 
semiconductor chip according to the invention, 

[0032] Figures 5a and 5b show a diagrammatic sectiona! view and a diagrammatic plan view, 
respectively, of a fourth exemplary embodiment of a semiconductor chip accordingto the 
invention, 

[0033] Fignres 6a to 6e diagrammatical depict a first exemplary embodiment of a fabrication 
method according to the invention, 

[0034] Figures 7a »d 7b ^grammatically depict a second exemplary embodiment of a 
fabrication method according to the invention, and 

[0035] Figures 8a and b diagramma.ica.ly depict a third exemplary embodiment of a fabrication 
method according to the invention. 
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DETAILED DESCRIPTION OF THE DRAWINGS 

[0036] Elements which are identical or have an identica. function are provided with identical 
reference symbol thronghont the ftgnrcs. In par.icu.ar, the thickness of .he .ayers is no, depicted 
to scale in the figures, in order to make it easier to understand me invention. 

[0037] The semiconductor chip illustrated in Figwe la has a semiconductor layer sack 1 which 
indudes an n-conducting semiconductor layer 11 , an active region 12 which genera.es 
electromagnetic radiation and a p-conducting semiconductor layer 13. All the layers .1,12 and 
13 eonsis. of ntiride HI-V compound semiconductor matorial ftom .he system InxAlyGal-x-yN 
where 0 ( x ( 1 , 0 ( y ( 1 and x + y ( 1 . The active region 12 may have a pn junction, a double 
heterostructure, a single quantum well s.ruc.urc (SQW structure) or a multiple quantum well 
structure (MOW structure). Structures of mis type are known to .he person skilled in .he art and 
are therefore not explained in more detail at this point. 

[0038] The surface of the p-conducting semiconductor layer 13 is provided with pyramid-like 
structures 15. These pyramid-like structures 15 are overlaid wi<h a mitror layer 40 over .he entire 
surface. 

[0039] The mirror layer 40 comprises, for example, three layers, namely a hrghly reflective layer 
41. apto.eo.ive .ayer42 and a joining layer 43. The highly reflective layer 41 includes, for 
example, silver or aluminium and lies directly on the p-conducting semiconductor layer 13. 
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Since silver and aluminium have a good electrical conductivity, the mirror layer 40 can a. the 
same time serve as a contact layer for the p-conducting semiconductor layer 13. The protective 
iayer 42 contains, for example, titanium nitride and lies on the highly reflective layer 41. The 
joining layer 43 consists, for example, of gold, tin or an alloy of these metals and is amntged 
between the protective layer 42 and a base 50 (not shown). The patterned surface of the p- 
conducting semiconduclor layer 1 3 together with the highly reflective layer 41 forms a reflection 
surface 131. A radiation outcoupling surface 1 1 1 is formed by the surface of the „-conducting 
semiconductor layer 11. 

[0040] The semiconductor layer stack 1 includes, for example, GaN, and the p-conducting 
semiconductor layer 1 3 may be doped with magnesium. The semiconductor layer stack 1 may 
also comprise other compounds comprising the elements belonging to the third and/or fifth main 
groups of the periodic system, for example InGaN, UN, AlInGaN, AlGaN and/or A1N. The n- 
conducting semiconductor layer 13 is, for example, 2 (m thick, and the p-conducting 
semiconductor layer 0.5 (m thick. The electrical contacting of the semiconductor layer stack is 
not illustrated in Figure la. 

[0041] Unless stated otherwise, the above materials and dimensions also apply to the other 
exemplary embodiments relating to the device and the method. 

[0042] Figure lb shows a beam 3 which is emitted in the direction of the reflection surface 131 
and is reflected twice on the reflection surface 131 provided with pyramid-like structures. 
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Specify, .he beam 3 is emitted with an angle ( (relative to the vertical) from the radiation- 
generating region 12 and is firsfiy reflected on a snb-surface 14a and men a second time on a 
sub-surface 14b which is adjacent to the sub-surface 14, After this doub.e reflection, the beam 3 
can unpinge on the radiation outcoup.ing surface 1 1. a. an angle ( (relative to the vertical, which 
is smaller man the angle ( with which it is emitted from the radiation-generating region 12. 

[0043] A crucial factor for this behaviour is the angle ( which .he sub-surfaces of the pytamid- 
,ike structures form with a main plane of the radiation-generating region 12. If.be angle ( is 
smaller than .he critica. angle fo, total reflection (c, the beam 3 is no, totally reflected, but rather 
is decoupled. If the textured reflection surface 131 acts in such a way that the angle ( of a beam, 
after the beam has been reflected twice, is smaller than the initial angle ( with respect to .he 
abovementioned main plane, the beam is decoupled. By contrast, the angle ( after reflection on a 
p.anar mtrror is approximately eoua, to the angle (, i.e. a flat mirror does no, substantially change 
the angle of abeam. 

[0044] On the other hand, a greater number of reflections is unfavourable because repeated 
reflection at the reflection surface and/or a. the surface from which light emerges, rapidly causes 
th e intensity of the beam to drop on account of absorption in the chip. Nevertheless, a beam 
which has already been totally reflected at .he radiation outcoupling surface 1 1 1 can still have 
ft. posstbilfty of being decoupled by doub.e reflection on the textured reflection surface 131, 
provided that the intensity of .he beam is sufficient. 
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[0045, Figure 2a shows a surface whieh is provide* with a p.uraHty of pyramids s— 
,5 By way of example, each pyramid-liKe square ,5 compnses six adjaeen, pianar sub- 
surfaces 14 which are positioned ob,i q ue,y with respec, to a main p.aue of the radialion- 
8 e„era, mg region 12. The oprinrum angle which each suh-surface ,4 forms with Uris main plane 

[0046] in the case of a reflection surface 131, each of rhe sub-surfaces 14 preferably fonn an 
angte ( of between ,0" and 50" with .he main plane. This range ofang.es increases the 

^ the critical angle for ,0.1 reflection (c. By way of example, the pyramid-Hire s— ,5 
each have a base with a width or diameter of 2 (m and a heigh, of 250 nm, corresponding to an 
angle of approx. 15°. 

v c„rftr P 1 1 1 each of the sub-surfaces 14 preferably form an 
[0047] For a radiation outcouphng surface 111, eacn oi mc 

angle ( of between 15° and 70° with the main plane. 

[0048] Figure 2b shows a single pyramid-like structure 15, winch consists of six adjacent 
oblique sub-surfaces 14. Pyramid-like structures winch consist of three or more oblique sub- 
surfaces 14 are also possible. A combination of pyramid-like structures consisting of a different 
num ber of sub-surfaces 14, whose sub-surfaces and/or bases are of different S1 zes, is also 
possible. 
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[00491 Figure 3 shows a semiconductor chip which has a radiation outcoupling surface 111, 
whtch is provided with pyramid* structures, on the .conducing GaN-based semiconductor 
,ayer 11 . The pyramid-like structures have, for example, a pyramid base with a mean diameter of 
approx. 3 (m and a height of between 100 nm and 

2 (m. In the case of a radiation outcoupling surface 1 11, me sub-surfaces 14 preferably form an 
angle ( of between 15° and 70° with the said main plane. 

[00501 The fact that the maximum angle ( for the radiation outcoupling surface 1 1 1 is larger than 
for the reflection surface 1 3 1 is attributable to the fact that a beam which has already been totally 
reflected can also be decoupled a, an opposite sub-surface 14 of the pyramid-like structure 15. 
The fact that steeper angles are also optimal is advantageous for the radiation outcoupling 
surface 1 1 1, because steeper angles are easier to produce than small angles when patterning by 
nreans of masking etch processes. In this case, by way of example, a p.anar mirror layer 40 is 
arranged on the p-conducthtg semiconductor layer 13. The mirror .ayer 40 is in turn arranged on 
a base (not shown). 

[0051] Figure 4 shows a further variant, which has a radiation outcoupling surface 1 1 1 provided 
with pyramid-like structures on an outcoupling layer 16, which in turn is arranged on the n- 
conducting semiconductor layer 11. The outcoupling layer 16 consists, for example, of SiC and 
ma y be an unremoved part of the growth substrate wafer 10. A planar mirror layer 40 is a^anged 
on the p-conducting semiconductor layer 1 3. This results in a planar reflection surface 131 being 
produced between the p-conducting semiconductor layer 13 and the mirror layer 40. . 
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[0052] Similarly for the semiconductor chip illustrated in Figure 3, the semiconductor chip 
shown in Figure 5a has a plurality of pyramid-like structures on the n-conducting semiconductor 
layer 1 1, but additionally also includes at least one trench 17. The trench(es) 17 extend all the 
way through the n-conducting semiconductor layer 1 1 and at least as far as the radiation- 
generating region 12 of the semiconductor stack 1 and are, for example, approx. 2 (m deep and 
4 (m wide. The cross section of the trenches is, for example, quadrilateral, although the trench 
may also take other shapes. The trenches 17 define semiconductor layer elements 18. Each side 
face, which delimits the trench 17 of the semiconductor stack 1 forms an additional radiation 
outcoupling surface and thereby increases the outcoupling of light from the semiconductor chip. 

[0053] The trenches 17 are advantageously sufficiently wide for the radiation to be decoupled 
directly at the sides without it impinging on an opposite side face of an adjacent semiconductor 
layer element 18. If the radiation were to impinge on an opposite side face, there would be a risk 
of it being at least partially absorbed there. 

[0054] Figure 5b illustrates a plan view of a semiconductor chip of this type in which the 
semiconductor layer elements 18 form, for example, hexagonal shapes on abase 50. An 
individual semiconductor chip of this type includes a plurality of semiconductor layer elements 
18. The size of the semiconductor layer elements 18 preferably depends on the size of the 
pyramid-like structures 15. The semiconductor layer elements 18 illustrated in Figure 5a each 
have, by way of example, three pyramid-like structures 1 5 over their mean diameter. The 
semiconductor layer elements 18 advantageously have a mean diameter which includes fewer 
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than ten pyramid-like structures. As seen from above, .he semiconductor layer elements 18 may 
also be in the shape of circles or may take other shapes. 

[0055] Figures 6a to 6e provide an outline illustration of a number ofmethod steps used to 
fabricate a semiconductor chip illustrated in Figure la. In Figure 6a, a growth substrate wafer 10, 
which consists, for example, of SIC, is provided and the n-conducting semiconductor layer 1 1 is 
deposited eptaially on the growth substrate wafer 10. Then, the active region 1 2 and the p- 
conducting semiconductor layer 13 are grown epitaxially. The deposition conditions (for 
example the deposition temperature, deposition time, doping level) are selected in such a way 
that pyramid-like structures whose sub-surfaces form the desired angles ( with .he main plane, 
namely between 10" and 50°, are formed on the p-conducting semiconductor layer 1 1 . 

[0056] Then, a mirror layer 40 is applied to the entire surface of the textured reflection surface 
131 (Figure 6b). Through the pyramid-like structures which are grown on the p-conducting 
semiconductor layer 1 3, a reflection surface 131 is formed between the p-conducting 
semiconductor layer 13 and the mirror layer 40. A base 50 is adhesive.y bonded or soldered to 
the surface of the mirror layer 40 which lies on the opposite side from the reflection surface 131. 
The mirror layer 40 includes, for example, a joining layer, through which the base 50 can be 
adhesively bonded or soldered to the semiconductor layer stack 1 (Figure 6c). The base 50 
consists, for example, of gallium arsenide or copper. 



18 



By Express Mail # EV329599U 6US 



[0057] The growth substrate wafer 10 is removed from the semiconductor layer stack 1, for 
example by means of a laser lift-off method, a sacrificial layer, a layer provided with 
predetermined breaking points or any other method which is known to the person skilled in the 
art (cf. Figure 6d). The n-conducting semiconductor layer 1 1 is then provided with a contact 
layer 2 which includes, for example, indium tin oxide (ITO) or ZnO. The p-conducting 
semiconductor layer 13 is already electrically contacted by means of the electrically conductive 
layer 40. The chips are then separated, for example, by sawing (cf. Figure 6e). 



mirror 



[0058] In a variant of the fabrication method illustrated in Figure 6, the growth substrate wafer 
10 illustrated in Figure 6c is not completely removed (cf. Figure 7a). The remaining part of the 
growth substrate wafer 10 is then patterned with pyramid-like structures (cf. Figure 7b). The 
patterning can be carried out by means of a chemical process (e.g. an etching process) or a 
mechanical process (e.g. grinding, sawing or milling). This results in a textured radiation 
outcoupling surface 1 1 1 which consists, for example, of SiC. This textured layer formed from 
part of the growth substrate wafer 10 corresponds to the layer referred to as the outcoupling layer 
16 in Figure 4. This outcoupling layer 16 is then suitably patterned in order for electrical contact 
to be made with the n-conducting semiconductor layer 1 1. On account of the electrically 
conductive mirror layer 40, electrical contact of the p-conducting semiconductor layer 13 has 
already been established on the surface. The chips are then separated. 

[0059] In a further variant of the fabrication method illustrated in Figure 6, the n-conducting 
semiconductor layer 1 1 is textured with pyramid-like structures after the growth substrate wafer 
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10 has been completely removed. This textured surface serves as the radiation outcoupling 
surface 1 1 1 and can be produced by means of mechanical or chemical processes. The way in 
which electrical contact of the n-conducting semiconductor layer 1 1 is established and the chips 
are separated corresponds to that which has already been described above. 

[0060] Furthermore, before contact is made with the n-conducting semiconductor layer 1 1 , 
trenches 17 can be produced in the semiconductor layer stack 1, for example in order to fabricate 
the semiconductor chip illustrated in Figure 5a. These trenches can be produced, for example, by 
means of an etching process combined with photolithography. First of all, a mask layer is applied 
to the n-conducting semiconductor layer 1 1 or the outcoupling layer 1 6 and is suitably patterned 
in order to define the desired shape and arrangement of semiconductor layer elements 18. Those 
parts of the semiconductor layer stack 1 or of the outcoupling layer 16 which are not covered by 
the mask layer are etched until the trenches 17 formed by etching, in terms of their depth, at least 
reach the radiation-generating region 12. By way of example, the trenches in the exemplary 
embodiment illustrated in Figure 5a have been etched all the way to the mirror layer 40. After the 
mask layer has been removed, contact can be made with the chips and the chips can be separated. 

[0061] The above-described variants of the fabrication method illustrated in Figure 6 can also 
take place without the patterning of the p-conducting semiconductor layer 13, so that in such 
cases a planar mirror layer is provided. 
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[0062] The present patent app.ieation claims the priority of German paten, app.ieation 102 45 
628.3-33, the disclosed content of which is hereby incorporated by reference. 

[0063] The scope of protection of the invention is no. limited by the descriprion of the invention 
on the basis of .he exemplary embodiments. Rather, the invention comprises any novel feature 
and any combination of fealures, which in particular indudes any combination of feateres which 
are stated in me paten. Cairns, even if .his combination of features is no. explicitly stated in the 
paten claims. 
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